Maize stripe virus (MStpV) and rice stripe virus (RSV) were compared serologically, chemically and physically. Cross-reactions in agar gel double-diffusion and microprecipitin tests, and neutralization of MStpV infectivity by antiserum to either virus showed that MStpV and RSV are serologically related. Both viruses sedimented slowly and in a heterodisperse manner in rate-zonal sucrose gradients, and both had similar buoyant densities in CsC1. Large amounts of a low molecular weight non-capsid protein were found in plants infected with either virus. Only limited maize-to-maize transmission of RSV was obtained with Peregrinus maidis (Ashmead), the MStpV vector. This transmission, however, resulted in symptoms similar to those induced by MStpV. MStpV and RSV appear to be members of the same virus group.
INTRODUCTION
Maize stripe virus (MStpV) occurs in many tropical maize growing regions (Gingery et al., 1981) , and rice stripe virus (RSV) occurs in Japan and several other Far Eastern countries (Anonymous, 1978; Lee, 1969) . Both viruses have unusual particles consisting of very fine (3 to 4 nm diam.) nucleoprotein (NP) strands (Gingery et al., 1981 ; Koganezawa et al., 1.975) . The infective configuration of the RSV-NP strand has been identified as both a supercoiled circle (Koganezawa, 1977; Koganezawa et al., 1975) and an 8 nm-wide filament (Toriyama, 1982) .
The infective configuration for MStpV-NP is not known. Other similarities shared by MStpV and RSV include: (i) transmission by delphacid planthoppers in which the viruses are propagative and are transovariaUy passed; (ii) slow, heterodisperse rate-zonal sedimentation in sucrose density gradients; (iii) the production of large quantities of a non-capsid protein in infected plants (Gingery et al., 1981; Hsieh, 1973; Kitani & Kiso, 1968; Koganezawa, 1977; Koganezawa et al., 1975) . In previous experiments (Gingery et al., 1981) , antiserum to RSV also reacted with MStpV.
The present work confirmed the grouping of RSV and MStpV by direct serOl~gical, physical and chemical comparisons. The results suggest that MStpV and RSV are related, but probably are not identical.
METHODS
Viruses. The MStpV isolate was collected by Tsai (1975) from naturally infected sweet corn (Zea mays L.) in Florida, U.S.A. and was maintained at Wooster, Ohio, U.S.A. in sweet corn (Aristogold Evergreen Bantam) by serial transmission with Peregrinus maidis (Ashmead) (Gingery et al., 1981) . The RSV was from infected rice (Oryza sativa L.) and maize collected near Tokyo, Japan and was identified by symptom expression. Samples of these plants were brought to Wooster from Japan because RSV was not maintained in culture there.
Antisera. The MStpV-NP antiserum was described previously (Gingery et al., 1981) . RSV-NP antiserum was prepared in Japan by immunizing rabbits with one intramuscular and five intravenous injections of RSV-NP purified from diseased rice; for the intramuscular injection the preparation was emulsified with Freund's complete adjuvant. The titre of the RSV-NP antiserum, determined in Japan, was 1/1024 in agar gel double-diffusion tests using RSV purified from diseased rice.
Serological tests. Microprecipitin (Knoke et al., 1974) , neutralization of infectivity (Gingery et al., 1981) , and agar gel double-diffusion (Gingery et at., 1979) tests were performed in the United States as described. About 40 P. maidis per treatment were injected in each neutralization of infectivity test. Agar gel double-diffusion tests were performed in Japan in 0.8~ agar gels containing 0.85~o NaCI.
Rate-zonal sedimentation. A 1 g amount of field-collected RSV-infected maize or rice leaf tissue, or 1 g of MStpV-infected maize leaf tissue collected 4 weeks after inoculation, was ground in a mortar and pestle at 0 to 4 °C with 8 ml 0.15 M-NaC1, 0-01 M-potassium phosphate, 0.01 M-EDTA, pH 7 (PBS EDTA), containing 0-5~ 2-mercaptoethanol (ME) and 200 ~tg/ml bentonite. The crude extract was filtered through cheesecloth and clarified by emulsifying with 1/3 vol. chloroform. The aqueous phase was layered onto a 30~ sucrose (in PBS-EDTA) cushion and centrifuged for 3 h at 40000 rev/min at 10 °C in a Beckman type 42.1 rotor. The virus pellet was resuspended in 0.2 ml PBS-EDTA and centrifuged through 10 to 40~o sucrose gradients in PBS-EDTA for 14000 x 107 radZ/s (about 2.5 h) at 40000 rev/min in a Beckman SW50.1 rotor at 10 °C. Gradients were scanned at 254 nm with the Isco model 640 density gradient fractionator and UA-5 u.v. analyser. Material from the main peaks was concentrated and viewed under the electron microscope as described previously (Gingery et al., 1981) .
Protein extraction from leaves and polyacrylamide gel electrophoresis. Samples of the tissue used for rate-zonal sedimentation (above) were also used for protein extraction. A 0-5 g amount of tissue was ground in 2 ml 0.1 MTris, 0.5 M-sucrose, 1 ~ ME, 1 ~ cysteine, 1 ~o ascorbic acid, pH 7-8, and centrifuged for 1-5 h at 40000 rev/min in a Beckman type 42.1 rotor at 10 °C. Protein concentrations in the supernatants were determined by the method of Bradford (1976) (Bio-Rad). The protein was precipitated by adding 0.6 g/ml (NH,),SO4. After 1 h incubation at 4 °C, protein was recovered by centrifugation (12000g for 30 min at 4 °C) and resuspended in 0-01 M-sodium phosphate, 1 ~ SDS, 1 ~ ME, pH 8. Resuspended protein and protein tool. wt. standards (bovine serum albumin, ovalbumin and chymotrypsinogen A), also dissolved in 0.01 M-sodium phosphate, 1 ~ SDS, 1 ~ ME, pH 8, were placed in a boiling water-bath for 1 min before electrophoresis on SDS-containing gels (Gingery et al., 1981) .
Buoyant density. RSV-NP from rice and maize, and MStpV from maize were recovered from rate-zonal sucrose gradients, concentrated by high-speed centrifugation, resuspended in PBS-EDTA and their buoyant densities determined isopycnically in CsCI gradients as previously described (Gingery et al., 1981) .
Transmission of RSV by P. maidis. Two-hundred P. maidis were given a 48 h acquisition access period on detached RSV-infected maize or rice leaves in a Petri dish and then caged on holding plants (Aristogold Evergreen Bantam sweet corn) for 12 days. This experiment was performed in the United States using leaves that had been collected 3 days earlier in Japan. Exposed planthoppers were then caged on healthy maize test seedlings (10 per plant) for 1 week followed by transfer to new seedlings for a second week. Exposed test plants were held in a growth chamber (29 °C day temperature, 24 °C night temperature, 16 h daylength) for 6 weeks and checked for symptom development.
RESULTS

Sedimentation comparisons
Extracts from MStpV-infected maize, RSV-infected maize and RSV-infected rice each contained material that sedimented slowly and heterodispersely on sucrose density gradients (Fig. 1) . The number and relative amounts of the various sedimentation components varied from time to time, suggesting some instability in the material. In each case, material from the combined main peaks (about 3 to 5 cm depth) had a u.v. absorption spectrum typical of a nucleoprotein, and particles similar to the 3 nm filaments previously described for MStpV-NP (Gingery et al., 1981) were observed by electron microscopy. The peaks at 5.5 cm in the RSV gradients may have contained the 8 nm filamentous nB particles reported by Toriyama (1982) , but we saw no particles in concentrated preparations of material from these peaks.
The buoyant densities of the RSV and MStpV NPs were similar in isopycnic CsCI gradients in PBS-EDTA. RSV-NP from rice banded at 1.290 + 0.003 g/ml, RSV-NP from maize at 1.283 + 0-004 g/ml, and MStpV-NP from maize at 1-281 _ 0-004 g/ml.
Serological comparisons
In agar gel double-diffusion tests, both MStpV-NP and RSV-NP antisera reacted with crude extracts from MStpV-infected maize, RSV-infected maize and RSV-infected rice, with no detectable spurring of precipitation zones (Fig. 2a to c) . In Fig. 2(b) the precipitation zones between RSV extracts and MStpV-NP antiserum were more diffuse than those between RSV and RSV-NP antiserum, which may reflect a difference in titre between the antisera or a weaker heterologous reaction than a homologous one. The weak reactions between RSV-NP and either Depth (cm) Fig. 1 . Absorbance (A2s4) profiles of partially purified preparations of MStpV-NP and RSV-NP centrifuged on sucrose density gradients. (a) RSV-infected maize; (b) RSV-infected rice; (c) MStpVinfected maize (--, absorbance profile of a similarly prepared sample from healthy maize). Peaks 1 and 4 have sedimentation rates of about 50S and 71S respectively (Gingery et al., 1981) .
healthy or MStpV-infected maize extracts (near the peripheral wells in Fig. 2c and d) apparently involved host antigens because these reactions were not seen after cross-absorbing the RSV antiserum with a healthy maize extract (not shown).
In microprecipitin tests, extracts from maize infected with either virus reacted with both antisera (Table 1 ). In neutralization of infectivity tests, either antiserum eliminated MStpV infectivity. In two separate tests, a total of 14 of 57 P. maidis injected with MStpV extract plus buffer (PBS-EDTA) transmitted MStpV, five of 34 transmitted MStpV with extract plus preimmune serum, but none of 60 transmitted MStpV with extract plus RSV-NP antiserum, and none of 47 transmitted MStpV with extract plus MStpV-NP antiserum.
Non-capsid protein comparisons
Needle-shaped crystals were seen in sap from RSV-infected maize or rice by phase-contrast microscopy, and they appeared identical to those from MStpV-infected maize (Gingery et al., 1981) . Also, low molecular weight proteins were isolated from both RSV-infected rice and RSVinfected maize using a procedure developed for the purification of the non-capsid protein from MStpV-infected maize (Gingery et al., 1981) . Each of these purified proteins formed needleshaped crystals below pH 6, and their molecular weights were all similar (17 200 + 700 tool. wt. from RSV-infected rice; 17000 + 600mol. wt. from RSV-infected maize and 16400 + 500 mol. wt. from MStpV-infected maize).
A single low molecular weight protein was predominant in extracts from RSV-infected rice, RSV-infected maize and MStpV-infected maize (Fig. 3a, c and b respectively) . No 
* Antigens were prepared by grinding 1 g leaf tissue in 0.5 ml PBS-EDTA in a mortar and pestle. Fourfold dilution series of each extract were made and each dilution was combined with a dilution series of each antiserum. Plates were scored after 24 h. The data shown are the reactions of the 1:4 antigen dilutions, the dilutions that resulted in the highest antisera dilution endpoints. + + , Large amount of precipitate; + , precipitate; tr, trace amounts of precipitate; -, no detectable precipitate.
c o r r e s p o n d i n g p r o t e i n s p e c i e s w a s a p p a r e n t in e x t r a c t s f r o m h e a l t h y m a i z e (Fig. 3 d ) ; h e a l t h y rice w a s n o t tested. A large a m o u n t o f a low m o l e c u l a r w e i g h t p r o t e i n in R S V -i n f e c t e d rice h 
Transmission of RSV with P. maidis
Attempts to acquire RSV from detached RSV-infected rice leaves and transmit it to healthy maize with P. maidis were unsuccessful. However, one planthopper out of 200 tested apparently transmitted RSV from a detached RSV-infected maize leaf to a maize test plant. The test plant initially developed chlorotic spots that later enlarged and coalesced into stripes, a symptom pattern indistinguishable from that induced by MStpV under similar conditions. However, we believe that this was an authentic RSV transmission and not caused by MStpV contamination for the following reasons. (i) In agar gel double-diffusion and microprecipitin tests, extracts from the test plant reacted in the same manner as extracts from RSV-infected plants and in a different manner to extracts from MStpV-infected plants.
(ii) Numerous attempts to retransmit the virus from the test plant to healthy maize with P. maidis failed under conditions favourable for MStpV transmission. P. maidis-mediated transmissions from this plant to rice were not attempted because P. maidis does not feed on rice.
DISCUSSION
The hypothesis that MStpV and RSV are members of the same virus group (Gingery et al., 1981) was strengthened by the following: (i) both MStpV-NP and RSV-NP reacted with the heterologous antiserum in agar gel double-diffusion and microprecipitin tests, and antiserum to either NP neutralized MStpV infectivity; (ii) the MStpV and RSV non-capsid proteins were similar regarding type of crystal produced, concentration in tissue, and molecular weight; (iii) both MStpV-NP and RSV-NP showed slow, heterodisperse rate-zonal sedimentation patterns and had similar buoyant densities in CsCI.
However, there are differences between MStpV and RSV: (i) they have a different host range; (ii) their primary vectors are different; (iii) the homologous and heterologous reactions in the agar gel double-diffusion (Fig. 2b ) and microprecipitin tests (Table 1) were different; (iv) transmission of RSV from maize to maize was inefficient using P. maidis, an efficient MStpV vector.
Unfortunately, RSV transmission by P. maidis could not be confirmed because there was insufficient RSV-infected source tissue to repeat the experiment. Also, we were unable to attempt transmissions of MStpV with Laodelphax striatellus (Fallen), ,the RSV vector, because it was not maintained in culture at Wooster.
Whether MStpV and RSV are distinct viruses that are serologically related or strains of the same virus cannot be decided until further comparisons have been made. Nevertheless, they are clearly related and should be placed in the same group.
